High temperature cuprate superconductors exhibit extremely local nanoscale phenomena and strong sensitivity to doping. While other experiments have looked at nanoscale interfaces between layers of different dopings, we focus on the interplay between naturally inhomogeneous nanoscale regions. Using scanning tunneling microscopy to carefully track the same region of the sample as a function of temperature, we show that regions with weak superconductivity can persist to elevated temperatures if bordered by regions of strong superconductivity. This suggests that it may be possible to increase the maximum possible transition temperature by controlling the distribution of dopants. 
of the phase stiffness in underdoped regions by proximity to overdoped regions [7, 10, 11] .
Such scenarios are inherently interesting due to the possibility that interface superconductivity can occur at temperatures above the maximum possible in bulk samples. To date no experiments have been performed to investigate proximity effects locally at microscopic length scales. Here we report a proximity effect in the cuprate superconductor Bi 2 Sr 2 CaCu 2 O 8+δ using scanning tunneling microscopy (STM) and the intrinsic nanoscale spatial variation of the sample. We show that indeed patches of the sample with weaker superconductivity can be enhanced if surrounded by patches with stronger superconductivity, demonstrating that the collapse of superconductivity is caused by more than local thermal pair breaking.
Our experiments were performed in a compact variable temperature scanning tunneling microscope (STM), with the unique ability to acquire spectroscopy on nearly identical grids of points over a wide range of temperatures. This allows us to perform spatial correlations using data from multiple temperatures. The pairing gap is measured from the local differential conductance (dI/dV ), which is proportional to the local density of states. ably, and by 78 K it is gone completely. The gap has been previously described by a d-wave extension to the BCS theory with the addition of a lifetime broadening term [12, 20] .
For high temperature cuprate superconductors, the superconducting gap varies from smallest to largest by a factor of two on nanometer scales [1] [2] [3] [4] . to within 10% in most cases. We also need a simple method to describe the temperature evolution of the gap. For this, we define the pairing temperature T p , which is the highest temperature at which a maximum in the dI/dV spectrum can be observed within experimental resolution at positive bias.
In underdoped samples, multiple energy features are present in STM spectroscopy [1] . We have the spectral evolution for more than 10,000 points in a 25 x 28 nm grid [21] at fourteen different temperatures from 50 K to 76 K.
For each temperature, we can determine the gap at each point, and plot a series of "gap maps", to temperatures 6 K above where one would expect based on a linear relation. We take this as evidence that T p is determined not only by the local gap, but also by the gap in the surrounding region. Therefore, the variation in T p will be reduced, as this quantity is spatially averaged over some window.
We have found direct evidence that the temperature evolution can be more accurately pre- to depend only locally on the gap, the distribution of T p values with the same gap would only be due to random fluctuations. Therefore, when we subtract the mean T p value (based on gap size) from each measured T p value, the result should be uncorrelated noise. However, figure   3b shows a significant spatial pattern associated with this quantity, which we call δT p .
We can understand the meaning of δT p and relate it to the gap map using the cross correlation as a function of separation distance. We define the cross correlation as
where σ δTp and σ ∆ are the standard deviations of δT p and ∆ respectively, and y runs over the N available data points. Although the supermodulation on the b axis does have a small correlation with the gap, in practice ρ is isotropic within the noise, so we plot a circular average in figure 4 .
For zero separation, the cross correlations mathematically must be zero, because we have explicitly eliminated the local relation between ∆ and T p when we subtract the mean to produce 
